National Aeronautics
and Space Administration

README Document for

Groundwater and Soil Moisture Conditions from GRACE
Data Assimilation Product Version 1.0

Prepared by
Hualan Rui (GES DISC) and Hiroko Beaudoing (HSL)

Last revised, January 06, 2017



Groundwater and Soil Moisture Conditions from GRACE Data Assimilation Product Version 1.0 README

Revision History

Revision Changes Author

Date

08/18/2015 | Initial version based on information from Hualan Rui
http://drought.unl.edu/MonitoringToolssyNASAGRACE
DataAssimilation.aspx

08/31/2015 | Reviewed and revised Hiroko Beaudoing

05/27/2016 | Updated the URLSs for the glacier melt mask file and Hualan Rui

the corresponding ctl file.



http://drought.unl.edu/MonitoringTools/NASAGRACEDataAssimilation.aspx
http://drought.unl.edu/MonitoringTools/NASAGRACEDataAssimilation.aspx

Groundwater and Soil Moisture Conditions from GRACE Data Assimilation Product Version 1.0 README

Table of Contents

REVISION HISTOY ...ttt et e b nreenteenee e 2
] 8 oo (101 T o 1SRRI 4
UPDOALES. ...tttk bbb bbbttt e e b n b b 4
ACKNOWIEAGMENT ... re e re e e ras 4
Data OrganiZatiON...........coiieieeiesee ittt e e sreeste e e e staeaeaneesreesreenee e 5
File Naming CONVENTION ........ciiiiiiieieite et 5
File FOrMAat SIIUCKUIE .....ocveeeeeee et 5
D L= W O] 01 =] 01 £SO TP R TPRTI 5
REAAING The DALA........ccuiieiiiiieieee e bbb 6
Reading/viewing the data by Panoply...........ccceveiiiiiiii i 6
Reading/viewing the data by GFrADS ...t 6
DATA ACCESS ...ttt ettt ettt et eab et e a et h et R b e e R e e e R e e e nb e e b r e e nr e nne s 9
DAta VOIUME ...ttt et e e e e te e e e nne e reenne e 9
Search and download data via Mirador.............cccccceiieiiiie i 9
OPENDAP ACCESS ...ttt ettt sttt sttt et e sab e be e sbe e e sbeesbeeanbeesbneabeeas 9
HT TP ACCESS ... ettt ettt e e e et e e e s st e e e e e nnba e e e e esteeeeeannnaeeas 9
POINTS OF CONTACT........ccuiiiiiiie e sre e 9
Sponsor and ACKNOWIEAGMENT .........cooiiiii e 10
DOI for GRACE-DA-DM Version 1.0 Data Product............ccccoocevvevviienieeneee s 10
L e] (=] ] 00T PSPPSR 11
AAPPENAICES ...ttt bbbttt bbb ene s 11
AL ACTONYIMS L.ttt nme e e e s r e e e e nne e s e e nneennne e 11



Groundwater and Soil Moisture Conditions from GRACE Data Assimilation Product Version 1.0 README

Introduction

Scientists at NASA’s Goddard Space Flight Center generate groundwater and soil
moisture drought indicators each week. They are based on terrestrial water storage
observations derived from GRACE satellite data and integrated with other observations,
using a sophisticated numerical model of land surface water and energy processes. The
data product of Groundwater and Soil Moisture Conditions from GRACE Data
Assimilation contains a set of drought indicators for North America Drought Monitor
(abbreviated as GRACE-DA-DM).

Basic characteristics of the GRACE-DA-DM data

The GRACE-DA-DM data are in NetCDF format. Basic characteristic of the data are briefly
described in Table 1.

Table 1. Basic characteristics of the GRACE-DA-DM data.

Contents Drought indicators
Input data GRACE
Land surface models Catchment
Latitude extent 10.75° to 74°
Longitude extent -171° to -45.75°
Spatial resolution 0.25 degree
Temporal resolution 7-days
Temporal coverage 2003/01/06 ~ 2015/04/27
Dimension 253 (lat) x 501(lon)
Grid box center points Lower left: (10.875, -170.875)
(lat, lon) Upper right: (73.875, -45.875)
Format NetCDF
Updates

Please periodically check the GES DISC web site and GES DISC Hydrology Portal for
the latest release.

Acknowledgment

NASA requests that you include the following acknowledgment in papers published using
these data:

"The data used in this study were acquired as part of the mission of NASA's Earth Science
Division and archived and distributed by the Goddard Earth Sciences (GES) Data and
Information Services Center (DISC)."
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We would appreciate receiving a copy of your publication, which can be forwarded to the
following address:

GES DISC Help Desk

Code 610.2

NASA/Goddard Space Flight Center

Greenbelt, MD 20771

Phone: 301-614-5224

Fax: 301-614-5268

Email: gsfc-help-disc@lists.nasa.gov

Data Organization
File Naming Convention
GRACE-DA-DM data are named in accordance with the following convention:

GRACEDADM_<Model><Grid spacing><Region>_<Temporal spacing>_.A<Date>.<Product
version>.nc4

Attribute Description

GRACEDADM GRACE Data Assimilation for Drought Monitor
<Model> “CLSM” for the Catchment Land Surface Model
<Grid spacing> “025” for 1/4th degree

<Region> "NA" for North America

<Temporal spacing> “7D” for 7-days

<Date> <YYYYMMDD>

<Product version> “010” for Version 1.0

For example, GRACEDADM_CLSMO025NA_7D.A20030106.010.nc4.
File Format Structure

The GRACE-DA-DM data are archived in NetCDF format. NetCDF is a set of software
libraries and self-describing, machine-independent data formats that support the creation,
access, and sharing of array-oriented scientific data [see more].

Data Contents

GRACE-DA-DM data product contains three drought indicators, Groundwater
Percentile, Root Zone Soil Moisture Percentile, and Surface Soil Moisture Percentile. The
wetness percentiles are relative to the period 1948-2010. The drought indicators describe
current wet or dry conditions, expressed as a percentile showing the probability of
occurrence within the period of record from 1948 to the present. More information are

5


mailto:gsfc-help-disc@lists.nasa.gov
http://www.unidata.ucar.edu/software/netcdf/docs/

Groundwater and Soil Moisture Conditions from GRACE Data Assimilation Product Version 1.0 README

available at
http://drought.unl.edu/MonitoringTools/NASAGRACEDataAssimilation.aspx.

Table 2. Parameters in the GRACE-DA-DM data

Short Name Description Unit
gws_inst Groundwater Percentile %
rtzsm_inst Root Zone Soil Moisture Percentile | %
sfsm_inst Surface Soil Moisture Percentile %

The short names with extension “ inst” are instantaneous variables.

The grid cells that have problem with the glacier melt have been masked out. Here are
the glacier melt mask file and the corresponding GrADS Control File (ctl) file:
ftp://gs617-rio.gsfc.nasa.gov/pub/DM/archive/Mondays/twsratemask 025 NA.bin
ftp://gs617-rio.gsfc.nasa.gov/pub/DM/archive/Mondays/twsratemask 025 NA.ctl

Reading the Data

GRACE-DA-DM data are archived in self-describing and machine-independent NetCDF
format. http://www.unidata.ucar.edu/software/netcdf/software.html, a Unidata page,
provides a list of software for manipulating or displaying NetCDF Data.

Reading/viewing the data by Panoply

Panoply, http://www.giss.nasa.gov/tools/panoply/, is a cross-platform application that
plots geo-referenced and other arrays from NetCDF, HDF, GRIB, and other data sets.

The Data Cookbook of NASA GES DISC provides a recipe for Quick View Data with
Panoply, http://disc.sci.gsfc.nasa.gov/recipes/?q=recipes/Quick-View-Data-with-Panoply.

Reading/viewing the data by GrADS

The Grid Analysis and Display System (GrADS) is an interactive desktop tool for easy
access, manipulation, and visualization of earth science data. GrADS supports several data
formats, such as binary, NetCDF, HDF, and GRIB. The documentation and software for
GrADS can be found at: http://cola.gmu.edu/grads/grads.php.

Each individual GRACE-DA-DM NetCDF file can be opened by GrADS sdfopen
directly without a data descriptor file (aka ctl file). After calling sdfopen, GrADS
commands, such as “q dims”, “q file”, “d [variable_name]”, etc. can be used to query file
information, read and display the data. Below is an example showing how to sdfopen a
GRACE-DA-DM NetCDF file and query for the dimensions and variables of the file.


http://drought.unl.edu/MonitoringTools/NASAGRACEDataAssimilation.aspx
ftp://gs617-rio.gsfc.nasa.gov/pub/DM/archive/Mondays/twsratemask_025_NA.bin
ftp://gs617-rio.gsfc.nasa.gov/pub/DM/archive/Mondays/twsratemask_025_NA.ctl
http://www.unidata.ucar.edu/software/netcdf/software.html
http://www.giss.nasa.gov/tools/panoply/
http://disc.sci.gsfc.nasa.gov/recipes/?q=recipe-cookbook
http://disc.sci.gsfc.nasa.gov/recipes/?q=recipes/Quick-View-Data-with-Panoply
http://cola.gmu.edu/grads/grads.php
http://cola.gmu.edu/grads/gadoc/gradcomdsdfopen.html
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hrui@hydrol: $ grads

Welcome to the OpenGrADS Bundle Distribution

For additional information enter "grads -h".
Starting "/opt/grads-2.1.a2.0ga.1/Linux/Versions/2.1.a2.0ga.1/x86_64/grads " ...

Grid Analysis and Display System (GrADS) Version 2.1.a2.0ga.1

Copyright (c) 1988-2013 by the Institute for Global Environment and Society (IGES)
GrADS comes with ABSOLUTELY NO WARRANTY

See file COPYRIGHT for more information

Config: v2.1.a2.0ga.1 little-endian readline grib2 netcdf hdf4-sds hdf5 opendap-
grids,stn athena geotiff shapefile cairo
Issue 'g config' command for more detailed configuration information
Loading User Defined Extensions table </opt/grads-
2.1.a2.0ga.1/Linux/Versions/2.1.a2.0ga.1/x86 _64/gex/udxt> ... ok.
Landscape mode? ('n’ for portrait):
GX Package Initialization: Size =11 8.5
ga-> sdfopen GRACEDADM_CLSMO025NA_7D.A20030106.0000.010.nc4
Scanning self-describing file:
GRACEDADM_CLSMO025NA_7D.A20030106.0000.010.nc4
SDF file GRACEDADM_CLSMO025NA_7D.A20030106.0000.010.nc4 is open as
file 1
LON set to -170.875 -45.875
LAT set to 10.875 73.875
LEV setto 00
Time values set: 2003:1:6:0 2003:1:6:0
Esettol1l
ga-> g dims
Default file number is: 1
Xisvarying Lon=-170.87510-45.875 X =1t0501
Y isvarying Lat=10.875t073.875 Y =110 253
Zisfixed Lev=02z=1
Tisfixed Time=00Z06JAN2003 T=1
Eisfixed Ens=1E=1
ga-> q file
File 1 : GRACE Data Assimilation Drought Indicator
Descriptor: GRACEDADM_CLSMO025NA_7D.A20030106.0000.010.nc4
Binary: GRACEDADM_CLSMO025NA_7D.A20030106.0000.010.nc4
Type = Gridded
Xsize =501 Ysize =253 Zsize=1 Tsize=1 Esize=1
Number of Variables = 3
gws_inst 0 t,y,x Groundwater storage percentile
rtzsm_inst O t,y,x Root zone soil moisture percentile
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sfsm_inst 0 t,y,x Surface soil moisture percentile
ga->

By using GrADS command xdfopen with a GrADS descriptor file, multiple GRACED-
DA-DM NetCDF files can be opened, therefore, temporally aggregated visualization and
data analysis can be done by GrADS. Below is a GrADS sample descriptor file for the
GRACE-DA-DM files..

GRACEDADM_CLSMO025NA_7D.1.0.xdf, a sample data descriptor file

DSET
NIGRACEDADM/%y4/GRACEDADM_CLSMO025NA_7D.A%Yy4%m2%d2.010.nc4
UNDEF -999.

options template

XDEF lon 501 LINEAR -170.875 0.25

YDEF lat 253 LINEAR 10.875 0.25

TDEF time 630 LINEAR 06Jan2003 7dy

An example for using xdfopen to open GRACEDADM_CLSMO025NA_7D.1.0.xdf

ga-> xdfopen GRACEDADM_CLSMO025NA_7D.1.0.xdf
Scanning Descriptor File: GRACEDADM_CLSMO025NA_7D.1.0.xdf
SDF file
GRACEDA/%y4/GRACEDADM_CLSMO025NA_7D.A%Yy4%m2%d2.010.nc4 is
open as file 1
LON set to -170.875 -45.875
LAT set to 10.875 73.875
LEV setto 00
Time values set: 2003:1:6:0 2003:1:6:0
Esettol1l
ga-> q file
File 1 : GRACE Data Assimilation Drought Indicator
Descriptor: GRACEDADM_CLSMO025NA_7D.1.0.xdf
Binary:
GRACEDA/%y4/GRACEDADM_CLSMO025NA_7D.A%Yy4%m2%d2.010.nc4
Type = Gridded
Xsize =501 Ysize =253 Zsize=1 Tsize =630 Esize=1
Number of Variables = 3
gws_inst 0 t,y,x Groundwater storage percentile
rtzsm_inst O t,y,x Root zone soil moisture percentile
sfsm_inst O t,y,x Surface soil moisture percentile
ga->
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Data Access

The NASA GES DISC maintains archives of the GRACE-DA-DM data product and many
other Hydrology data sets. The archived data can be accessed via HTTP network transfer.
The data can be accessed via the GES DISC Unified User Interface (UUI) at
http://disc.sci.gsfc.nasa.gov/uui/#/search/GRACE.

Data Volume

One file is about 350 KB, about 52 files per year (7-days time interval), therefore, total
about 218 MB for 12-years of data.

Search and download data via Mirador

GRACE-DA-DM data can be searched through a keyword (e.g., GRACEDADM) and the
time span, and downloaded in a batch mode via Mirador, http://mirador.gsfc.nasa.gov/.

OPeNDAP Access

The GRACE-DA-DM data can be accessed via OPeNDAP:
http://hydrol.gesdisc.eosdis.nasa.gov/opendap/hyrax/GRACEDA/.

HTTP Access

The GRACE-DA-DM data can be downloaded directly via the GES DISC HTTP server:
http://hydrol.gesdisc.eosdis.nasa.gov/data//GRACEDA/.

Points of Contact

For information about or assistance in using any GES DISC data, please contact the GES
DISC Help Desk at:

GES DISC

Code 610.2

NASA Goddard Space Flight Center
Greenbelt, Maryland 20771

Email: gsfc-help-disc@lists.nasa.gov
301-614-5224 (voice)

301-614-5268 (fax)

For general science questions and comments, please contact:
Matthew Rodell, Ph.D.

Hydrological Sciences Laboratory, Code 617
NASA Goddard Space Flight Center


http://disc.sci.gsfc.nasa.gov/uui/#/search/GRACE
http://mirador.gsfc.nasa.gov/
http://hydro1.gesdisc.eosdis.nasa.gov/opendap/hyrax/GRACEDA/
http://hydro1.gesdisc.eosdis.nasa.gov/data/GRACEDA/
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Greenbelt, MD 20771
Email: Matthew.Rodell@nasa.gov
Phone: 301-286-9143

Or
Hiroko Kato Beaudoing, M.S.
Earth System Science Interdisciplinary Center
University of Maryland, College Park
Hydrological Sciences Laboratory, Code 617
NASA Goddard Space Flight Center
Greenbelt, MD 20771
Email: Hiroko.Kato-1@nasa.gov

Sponsor and Acknowledgment

DOI for GRACE-DA-DM Version 1.0 Data Product

A Digital Object Identifier or DOI is a unique alphanumeric string used to identify a
digital object and provide a permanent link online. DOIs are often used in online
publications in citations. The table 3 list DOI for the GRACE-DA-DM Version 1.0 data
product.

Table 3. DOI for GRACE-DA-DM Data Product

Short Name Product Description DOI

Groundwater and Soil Moisture
Conditions from GRACE Data
Assimilation L4 7-days 0.25 x 0.25
degree Version 1.0

GRACEDADM_CLSMO025NA_7D In application process

The DOI in the Table 3 is linked to the corresponding data product page and Data
Citation for the data product is on top of the page. If you use the data in your research or
applications please include a reference in your publication(s) similar to the following
example:

Matthew Rodell and Hiroko Kato Beaudoing, NASA/GSFC/HSL (09.01.2015),
Groundwater and Soil Moisture Conditions from GRACE Data Assimilation L4 7-days
0.25 x 0.25 degree Version 1.0, Greenbelt, Maryland, USA: Goddard Earth Sciences Data
and Information Services Center (GES DISC), Accessed Enter User Data Access Date
at doi:10.5067/XXXXXXXX.
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Appendices
A. Acronyms

The following acronyms and abbreviations are used in this document.

GDS GrADS Data Server

GES DISC  Goddard Earth Sciences Data and Information Services Center
Giovanni GES-DISC Interactive On-line Visualization and Analysis Infrastructure
GRACE Gravity Recovery and Climate Experiment

GrADS Grid Analysis and Display System

GRIB GRIdded Binary

HDF Hierarchical Data Format

HDISC Hydrology Data and Information Services Center

HSL Hydrological Sciences Laboratory

LIS Land Information System

LSM Land Surface Model

Mirador Fast interface for searching Earth science data at NASA GES DISC
NASA National Aeronautics and Space Administration

netCDF network Common Data Form
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